We studied the time course of changes of cytochrome oxidase (CytOx) blob spatial density and blob cross-sectional area of deprived (D) and nondeprived (ND) portions of V1 in four capuchin monkeys after massive and restricted retinal laser lesions. Laser shots at the border of the optic disc produced massive retinal lesions, while low power laser shots in the retina produced restricted retinal lesions. These massive and restricted retinal lesions were intended to simulate glaucoma and diabetic retinopathy, respectively. We used a Neodymium-YAG dual frequency laser to make the lesions. We measured Layer III blobs in CytOx-reacted tangential sections of flat-mounted preparations of V1. The plasticity of the blob system and that of the ocular dominance columns (ODC) varied with the degree of retinal lesions. We found that changes in the blob system were different from that of the ODC. Blob sizes changed drastically in the region corresponding to the retinal lesion. Blobs were larger and subjectively darker above and below the non deprived ODC than in the deprived columns. With restricted lesions, blobs corresponding to the ND columns had sizes similar to those from non-lesioned areas. In contrast, blobs corresponding to the deprived columns were smaller than those from nonlesioned areas. With massive lesions, ND blobs were larger than the deprived blobs. Plastic changes in blobs described here occur much earlier than previously described.
decrease their cross-sectional area while ND blobs at the representation of the retinal lesion do not alter their size. Later, Trusk & WongRiley (1991) observed, in macaques submitted to unilateral retinal lesions, an increase in CytOx reactivity in the region located between the blobs overlying the stripes of the intact eye, as compared with normal tissue. In a study of enucleated adult Sapajus apella (formally Cebus apella) monkeys, Rosa et al. (1988 Rosa et al. ( , 1992 found many similarities of the ODC system to those described by LeVay et al. (1985) . Rosa et al. (1991) showed that deprived V1 blobs had a decreased cross-sectional area in Layer III, while ND blobs in the same region had an increased cross-sectional area.
To clarify discrepancies in the literature regarding the effects of visual deprivation on the time course of plastic changes in blobs, we studied the CytOx pattern in V1 of adult capuchin monkeys after either focal (restricted) lesions of the retina or lesions of the margin of the optic disc (massive). Massive lesions simulated lesions resulting in glaucoma, while restricted, focal lesions simulated diabetic retinal lesions, which have distinct involvement of ganglion cell axons. Restricted lesions barely affect retinal fibers, while massive lesions destroy most retinal fibers. In this study, unlike previews ones, we used sequential small or large retinal laser lesions to study the time course of plasticity of ODC and CytOx rich blobs in flattened preparations of V1. We also determined whether plasticity of the blobs in the two lesion conditions occurs only by retraction of the deprived blobs or occurs by both retraction of the deprived blobs and expansion of the ND ones.
| M E TH OD
Four adult male Sapajus apella (formerly Cebus apella) monkeys, weighing between 3 and 4 kg, were used. The procedures and protocols followed the NIH guidelines for Use of Laboratory Animals. The IBCCF/UFRJ research committee approved these procedures. Using a hand-held ophthalmoscope, we examined the fundi of the eyes to ensure that there was no previous lesion in the retinas of the animals.
| Retinal lesions
Before each session of retinal lesion, the animals were anesthetized with 1.5 ml of a mixture of four parts of ketamine (6% Ketalar, ParkeDavis) for one part of xylazine hydrochloride (2% Rompun, Bayer). A mixture of 0.6 ml of atropine sulfate (Atropina, Hypofarma, 0.15 mg/ kg) and 0.4 ml of Diazepam (Valium, Roche, 0.8 mg/kg) was injected to prevent tracheobronchic secretion and stress. Two drops of the ophthalmic solutions of 10% phenylephrine hydrochloride (10% Fenilefrina, Oculum) and tropicamide (1% Mydriacyl, Alcon) were applied to the animals' eyes to dilate the pupil and facilitate visualization of the fundus of the eye. Local anesthetic (Tetracaine Hydrochloride 100 mgAllergan-Frumtost) was applied to the cornea. Soon after, a lens OMRA-WF Mainster Wide Field (Ocular Instruments, Inc.) with objective of 53 soaked in a solution of 2% methylcellulose was positioned onto the cornea of the animal. This lens allowed visualization of the posterior pole and equator, and of the retinal periphery (Medeiros, 1997) . The lesions of the retinas were made at different times relative to the time of euthanasia. These lesions were induced by photocoagulation with a Neodymium Laser (OPHTHALAS 532 nm) mounted to a rift ophthalmoscope (Top-Con AIT-20, Carl Zeiss 30 SL-M).
Neodymium (Nd): Yttrium aluminum garnet (YAG) double frequency laser (OPHTHALAS) has a nonlinear krypton-titanium-phosphate crystal, which can transform the radiation of 1064 nm of the Laser Nd:YAG in 532 nm, producing a green monochrome wave. Nd:YAG (neodymium-doped yttrium aluminum garnet, Nd:Y3Al5O12) is a crystal that is used as a lasing medium for solid-state lasers. The infrared radiation emitted by the Nd:YAG laser crosses the eye without being absorbed by the cornea. The wavelength of this laser (532 nm) is well absorbed by melanin and hemoglobin, but has little absorption by the macular xanthophyll's (Barsante & Diniz, 1997; Bozinis, 1997) .
High-power laser shots destroy all retinal layers and sever fibers of passage in the inner layers of the retina, while low-power laser shots disrupt the retinal structure by destroying the outer retinal layers.
Lesions to the optic disc produce a devastating effect on fibers of passage, resulting in larger scotoma than similar lesions in other portions of the retina. Similar shots in the retina destroy photoreceptors and have a much smaller effect on fibers of passage. The degree of plasticity in the cortex depends on the location and amount of energy of the laser shots. This procedure avoided destroying fibers of passage that could mask deafferentation of control regions of the retina. The earlier lesions were made 42 days (case CD4) or 40 days (case CD5) before euthanasia; subsequent lesions were made at 27, 13, and 3 days in both cases. After all the lesions were made, fundus photographs were taken with a fundus camera (Top-Con TRC-50 WENT Retinal Camera) coupled to a CCD video camera. Figure 3 shows the fundus photography of the left eye of case CD5 after the last lesion.
We used the massive lesion paradigm in Cases DO1 and DO2.
These lesions were made with laser shots (0.8 mv, 0.2 s) at the border of the right optic disc, at different times before euthanasia; 25, 3 and 1 day in case DO1 and 52 and 2 days in case DO2. The lesions destroyed fibers of passage coming from large portions of the retina. Figure 4 shows schematic diagrams of the massive lesion paradigm used in Case 
| Flattened maps
After the stipulated survival times, the animals received lethal doses of sodium pentobarbital (100 mg/kg, IV) and were transcardially perfused with 0.9% saline. The eyes of the animals were removed, cut at the equator and photographed with the aid of a CCD camera on a Nikon stereomicroscope. In cases CD4 and CD5, the eye cups with the retina were dehydrated, embedded in paraffin, and cut at a thickness of 15 lm (CD4) or 10 lm (CD5). The sections were mounted on glass slides, defatted and stained with hematoxylin and eosin. Figure 7 illustrates a section of the retina of case CD5 stained with hematoxylin-eosin, on which the intact regions of the retina, the optic disc and the optic nerve can be seen.
A section of the retina with a small lesion is shown below.
In order to obtain flat-mounts of V1, the brain was removed from the skull and the posterior portion underwent the flat-mounting procedure described by Tootell & Silverman (1985, Method II) . Flat-mounted blocks were fixated between parafilm-covered glass slides with a solution of 4% paraformaldehyde in 0.1 M phosphate buffer for 6 hr, followed by 4% paraformaldehyde/10% sucrose and paraformaldehyde/ 30% sucrose for 3 hr. Then the blocks were kept overnight in PBS/30% sucrose. After fixation, the blocks were quickly frozen and cut at 40 mm in a freezing microtome. The CytOx histochemical reaction followed the protocol of Wong-Riley (1979) , as modified by Silvermann and Tootell (1987) . Sections stained for CytOx were photographed under blue light illumination using high contrast film (Kodalith 
| Blob measurements
At the start of this study, an evaluation of the borders of the blobs was performed by an automated digital image processing system and a semi-automated system based on the subjective delineation of the border by different experimenters to match a standard template. Examples of subjective delineation of blobs have been shown previously (Rosa et al., 1991; Farias et al., 1997) . A standard template was determined with the aid of the automated image processing system after filtering the image with a 2D-roling ball algorithm to normalize the contrast, setting the contrast threshold that subjectively matched the appropriate blob size, and eliminating the false blobs due to histological and blood vessels artifacts. The subjectivity of the steps involved in the automated process and the occasional variation of the staining of large areas of the cortex required the use of the semi-automated method. Thus, for the quantitative analysis, blobs were outlined with a fine-point permanent marker on enlarged (53) observers. Therefore, the occasional fuzziness of blob boundaries did not appear to interfere with our analysis of blob sizes.
| R E SU LTS
In the current study, we prepared capuchin monkeys with either massive or restricted retinal lesions in order to simulate conditions present in glaucoma and diabetic retinopathy, respectively. We then examined the effects of these lesions on the CytOx-rich blobs and ODCs in in Figure 9 shows the effect of massive lesions caused by laser shots on the margin of the optic disc in cases CD1 and CD2. Lesions at the optic disc produce a devastating effect on fibers of passage, resulting in larger scotoma than similar lesions in other portions of the retina (compare Figure 9 with Figures 8 and 10 ).
| Restricted lesions -cases CD4 and CD5
The top of Figure 11 illustrates the size of the control (C), deprived (D) and ND blobs for the different timed lesions in cases CD4 and CD5.
The size of the deprived blobs was significantly smaller than that of the control (p < .0001) for all timed lesions, with a decrease to 30% ( Thus, in cases with restricted lesions, we observed a decrease in both size and density of the deprived blobs at 3 days post-lesion, and this decrease continued to 13 days post-lesion, with a decrease of 20-25% of the control blob size. Both blob size and density stabilized at 42 days post-lesion. There was no variation in blob size or density in ND regions of V1.
| Massive lesions -cases DO1 and DO2
The size of the control (C), deprived (D) and ND blobs at the different post-lesion time-points in cases DO1 and DO2 are illustrated at the bottom of Figure 11 . In these cases, the size of the blobs in deprived regions of V1 was significantly smaller than in control regions (p < .0001) at all post-lesion time-points. They decreased in size to 45% of the control size at first day post-lesion in case DO1 and to 28% of the control size at 2 days post-lesion in case DO2. In case DO1 there was no significant difference in the size in deprived V1 blobs among the post-lesion time-points; in case DO2, however, the deprived blobs increased in size from 2 (28% of control size) to 52 days (33% of control size) post-lesion. In these cases with massive lesions, the ND blobs size increased at 2 days post-lesion (108% of the control size, p < .007) and increased to 120% of the control size at 29 days post-lesion in case DO1 and 55 days post-lesion in case DO2 (p < .0001).
The deprived blob density (blobs/mm 2 ) was significantly smaller (p < .0001) than the ND blob density at all post-lesion time-points.
We did not observe a significant difference in blob density among the post-lesion time-points (Figure 12a ).
| Time course of blob plasticity
The plastic changes described here were observed 2-3 days after the 
| D ISC USSION
Enucleation studies (Horton & Hubel, 1981; Horton, 1984; Hendrickson, 1985; Trusk et al., 1990) , ion channel blockage with tetrodotoxin (TTX) Wong-Riley et al., 1989; Trusk et al., 1990) and eyelid suture (Hendry & Jones, 1986; Horton, 1984; Trusk et al., 1990) reduce the reactivity of CytOx in deprived V1 blobs in register with ODCs corresponding to the affected eye. This loss of reactivity indicates that the high activity of CytOx in the normal blobs depends on only the functional afferents of the intact eye, thus demonstrating the occurrence of metabolic plasticity in cortical neurons in the mature brain (Trusk et al., 1990) .
Monocular treatments in which the retinal afferents are totally interrupted, as in cases of enucleation or TTX injection, cause a fast loss of CytOx activity in the deprived blobs Wong-Riley et al., 1989; Trusk et al., 1990) . On the other hand, monocular deprivation with eyelid suture produces a smaller and slower loss of CytOx activity in the deprived blobs (Horton, 1984; Hendry & Jones, 1986; Trusk et al., 1990) . Hence, the degree of reduced CytOx activity in the deprived blobs is related to the severity and the duration of the deprivation. There is no evidence of cellular death inside the blobs in any of these three procedures used for sensory deprivation (Trusk et al., 1990) . In adult capuchin monkeys, enucleated for 4 and 7 months, not only blobs corresponding to the enucleated eye decrease in size, but blobs corresponding to the intact eye increase their size, compared to the controls (Rosa et al., 1991) .
Studies using laser retinal lesions have demonstrated that, in the post-lesion hours, the V1 neurons that originally represented the central area of the lesion become unresponsive (Darian-Smith & Gilbert, 1994; Gilbert & Wiesel, 1992) . However, after days or months, cell responsivity recovers. In cats with retinal laser lesions and subsequent enucleation of the other eye, electrophysiological recordings 2-6 months post-enucleation showed a retinotopic reorganization of V1 (Kaas et al., 1990) . In monkeys that received bilateral retinal lesions, it was observed that immediately after the lesions there was a silent, unresponsive zone in V1. However, 75 days after the lesions, half of the cells accounted for in the deprived areas of V1 recovered their responsiveness (Heinen & Skavenski, 1991) . 
| Increase in blob size above nondeprived ODCs
In capuchin monkeys with massive retinal lesions to one eye, we observed enlarged CytOx-rich blobs corresponding to the ND ocular dominance stripes that were larger than blobs in the deprived ones, thus confirming the results in macaque (Hess & Edwards, 1987) and humans (Horton & Hedley-White, 1984) . Moreover, our data showed that blobs of the intact eye in these same monkeys were larger than blobs from normal controls matched for V1 size (see Figures 11 and   12 ). We regard this increased size of the blobs in the ND stripes as real. First, blobs in the ND stripes form nearly continuous rows, differing from those in normal ND corresponding portions of V1. Second, Horton's (1984) description of a M. fascicularis with a 6-month monocular enucleation indicated that blobs in rows appear larger and semiconfluent. This investigator also noticed that blobs tended to become confluent after long periods of monocular lid suture. Hendry et al.
(1988) also observed an increased blob area after a six-month ference to the precise effects of these experimental manipulations, the critical variable may have been, in fact, the survival time. In capuchin monkeys, the shrinkage of the deprived blobs and the increase of blob area were statistically significant relative to that of normal controls.
The results achieved in capuchins with retinal laser lesion are in some ways comparable to those reported by Trusk et al. (1990) in macaques submitted to either monocular enucleation or TTX injections. For example, in all cases, blobs corresponding to the enucleated eye were 50-60% smaller than those corresponding to the intact eye. Blobs along intact-eye ODCs became almost confluent.
| Blob enlargement versus blob shrinkage
Carrol and showed that CytOx reactivity in the blobs of V1 is predominantly localized within dendrites. Later, Wong-Riley and colleagues (1989) showed that the greatest change in neuropil reactivity occurs at the borders of blobs. In this region, axon terminals forming asymmetrical synapses become less densely packed around dendrites after long inactivation times. Wong-Riley et al. (1989) suggested that these terminals might be in part replaced by axonal sprouting of terminals forming symmetrical synapses, which in normal animals contain several highly CytOx-reactive mitochondria. The inter- overlying the stripes of the undamaged eye, as compared with normal tissue. At the same time, Rosa et al. (1991) showed that deprived and ND monocular crescents show no difference in blob size, a result that contrasts with the marked difference observed between ocular dominance stripes in binocular V1. These results suggest that changes in blob size may result from competition between inputs coming from each eye, rather than from the absolute amount of activity driven by each eye separately.
| Mechanisms for blob plasticity
The close relationship between the CytOx and the energy needs of the cerebral tissue allowed the use of histochemical methods to evaluate changes in cortical modules in cases of sensory deprivation in the visual system. Studies of significant alterations of the histochemical patterns of this enzyme were mainly accomplished using experimental models for mapping ODC (Horton & Hedley-White, 1984; Wong-Riley, 1989; Wong-Riley et al., 1994) . Functional reorganization in adult animals, after partial or total sensory or motor deafferentation, was reported by several investigators (Calford et al., 1999 (Calford et al., , 2003 Chino et al., 1992; Darian-Smith & Gilbert, 1995; Giannikopoulos & Eysel, 2006; Gilbert & Wiesel, 1992; Heinen & Skavenski, 1991; Kaas et al., 1990; Kaas, 1991; LeVay et al., 1980; Rosier et al., 1995; Schmid et al., 1996) . Studies of the blob, as a model for plastic changes, were accomplished more systematically by Wong-Riley et al.
(1989) and Nie and Wong-Riley (1996) . These authors reported a decrease in the amount of gabaergic terminals of inhibitory neurons in the blob. This decrease would cause a release of inhibitory processes in the deafferented areas by altering pre-existing pathways and/or of synapse efficiency in the periblob region. More recent studies have also described a decrease of gamma amino butyric acid (GABA) levels with reduction in the number of inhibitory cell spines and boutons in V1 following a retinal lesion (Arckens et al., 2000; Botelho et al., 2006; Keck et al., 2011) . Thus, the functional reorganization after partial or total deafferentation in the visual system would emerge from changes in synaptic efficiency mediated by GABAergic mechanisms (Hendry & Jones, 1986; Hendry et al., 1990 Hendry et al., , 1994 ; and, in a second stage, from structural changes possibly mediated by sprouting of collateral axons and/or by the elongation or terminal sprouting of intracortical connections (Darian-Smith & Gilbert 1994; Rosier et al., 1995; Yamahachi et al., 2009) . Other studies have also demonstrated changes in the expression of immediate early genes and an upregulation of genes involved in creating the axonal cytosketon in the lesion projection zone (Chen et al., 2010; Hu et al., 2009 ).
We demonstrate that the functional modules represented by the blobs have the capacity of extensive reorganizing with multiple mechanisms after a retinal lesion during adulthood. The results suggest the existence of two separate plastic mechanisms: one of shrinkage of deprived blobs and another, more subtle, of expansion of ND blobs.
Plastic changes in blobs described here occur much earlier than previously described.
Further studies are necessary to evaluate the contribution of competition as a basic mechanism to regulate adult plasticity, which results in sprouting or retraction of axonal processes in ND and deprived territories in the cortex. In addition, the use of immunohistochemical methods to evaluate plastic changes in cortical modules by the expression of calcium binding proteins, GAP-43, synapsin, and GFAP at the level of the primary targets of the ganglion cells (lateral geniculate nucleus and superior colliculus) is the next approach to reveal the molecular mechanisms underlying plastic changes after restricted retinal lesions.
The National Eye Institute (NEI) defines glaucoma as a group of diseases that damage the eye's optic nerve and can result in vision loss and blindness. Chronically high blood sugar from diabetes is associated with damage to the tiny blood vessels in the retina, leading to diabetic retinopathy. Diabetic retinopathy can cause blood vessels in the retina to leak fluid or hemorrhage, distorting vision (NEI). Massive and restricted retinal lesions cause damage in the primary visual cortex that appears to be comparable with the conditions present in glaucoma and diabetic retinopathy. Lesions of glaucoma destroy fibers of the optic disc and produce a profound loss of peripheral vision and impairment of depth perception. Early diabetic retinopathy is less severe and is usually asymptomatic. We regard our massive and restricted lesions as simulating these two clinical disorders, respectively.
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